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FOREWORD 


Most  Navy  corrosion  research  is  directed  rightly  toward  the 
Investigation  of  the  durability  of  metals  and  system  performance  In 
the  marine  environment.  It  Is  sometimes  required,  however,  to 
design  systems  which  must  contain  organic  fluids  or  fuels  in  metal 
reservoirs  for  long  periods  prior  to  or  between  uses.  A  long  shelf 
life  under  extreme  temperature  variations  often  Is  required. 

Behavior  unanticipated  from  the  relative  Inertness  ordinarily 
observed  with  these  substances  sometimes  occurs.  This  report  docu¬ 
ments  an  Investigation  of  one  such  system  containing  methanol- based 
fuels. 
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CHAPTER  1 
INTRODUCTION 


Tha  prinary  Intarast  in  corrosion  by  ths  Navy  lies  rightfully 
in  concern  for  the  performance  of  its  many  systems  in  the  harsh 
marine  atmospheric  conditions  in  which  they  must  operate.  Here,  the 
aerated  chloride-rich  environment  is  well  known  to  produce  and 
exacerbate  many  serious  corrosion  problems. 

There  are  situations,  however,  in  which  components  must  be 
exposed  to  solvents  or  fuels,  often  at  elevated  storage  temperature 
for  extended  periods  before  use.  The  tendency  in  these  cases  can  be 
to  ignore  or  minimize  their  potential  for  corrosion  from  a  percep¬ 
tion  that  they  are  generally  non-conducting  and  quite  inert. 

Indeed,  contact  of  these  fluids  with  most  metals  and  polymers  shows 
no  short  term  attack.  One  purpose  of  this  report  is  to  show  the 
often  unanticipated  corrosion  effects  which  can  occur  with  extended 
and  elevated  temperature  storage. 
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CHAPTBR  2 
B^CKGROUMr 


Thtt  aluminum  alloy  6061-T6  and  alnc  platad  staals  arm  common 
structural  fabrication  matarials  for  Navy  hardware.  The  two  con¬ 
tacting  organic  "alactrolyta**  fluids  used  in  this  study  wars  a  meth¬ 
anol  based  fuel  mixture  containing  CCli  (50%  methanol,  30%  carbon 
tetrav^hloride,  20%  trimethylborate)  ana  100%  reagent  grade  methanol 
(undried),  respectively.  Previous  work  has  implicated  such  fluids 
as  abettors  of  corrosive  attack  even  on  metals  and  alloys  chosen  for 
their  corrosion  resistance.  Roques,  et  al.,^  state  that  methanolic 
solutions  containing  some  Cl*  were  found  to  be  more  aggressive 
toward  Zr,  Tl,  Ta  and  Cr  than  aqueous  solutignc  of  the  same  dl' 
concentration.  Likewise,  Singh  and  Banerjee^  showed,  in  particular, 
that  nickel  does  not  exhibit  passivity  in  methanol  containing  less 
than  0.5%  water.  They  found  that  Cl**  ions  induced  pitting.  Nickel, 
further,  was  observed  to  dissolve  actively  in  methanol-HCl  mixtures 
with  restoration  of  passivity  only  upon  the  introduction  of  a  suffi¬ 
cient  quantity  of  water. 

These  examples  illustrate  the  vulnerability  of  many  metals, 
especially  those  dependent  upon  a  protective  oxide  layer  for  their 
corrosion  resistance,  to  organic  solvents.  In  the  present  case,  a 
minimum  5  year  storage  life  (-65  to  ■fl60  ^F)  of  the  sealed 
fuel-tank  system  with  negligible  leakage  and  with  the  device  remaining 
fully  functional  is  required.  Figure  1  shows  the  fuel  wetted  por¬ 
tion  of  the  device.  The  zinc  plated  steel  tank  bottom  (left) ,  anod¬ 
ized  aluminum  walls.,  and  0-rings  are  shown.  Quick  initial  informa¬ 
tion  was  required  on  the  overall  corrosion  performance  for  this  con¬ 
figuration.  Therefore,  specific  tests  were  devised  for  rapid 
results.  The  first  phase  of  this  program  involved  short  term 
corrosion  compatibility  testing  of  the  two  fuels  specified  above  as 
candidates  for  use  in  the  subject  device. 

The  emphasis  was  on  extended  storage  of  the  vessel  in  an  0-ring 
sealed  condition  under  potentially  harsh  environmental  conditions. 
Thus,  it  was  recommended  that  the  mechanisms  of  galvanic  and  crevice 
corrosion  be  investigated  for  this  system.  In  addition  to  tempera¬ 
ture  extremes,  the  storage  locker  is  subject  to  occasional  seawater 
Incursions.  The  effect  of  a  moisture  ladened  partially  wetting 
atmosphere  surrounding  the  tank  also  became  a  significant  consider¬ 
ation  and  was  incidently  treated.  The  containing  vessel  must  retain 
its  Integrity  and  the  fuel  shall  not  have  leaked  or  decomposed  dur¬ 
ing  the  anticipated  storage  period.  Any  corrosion  by  the  fuel  or 
surrounding  atmosphere  which  jeopardizes  this  integrity  would  be 
considered  unacceptable. 
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FIGURE  1.  FUEL  WETTED  CAVITY  COMPONENTS 
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It  la  aignlf leant  to  note  that  tha  upper  Halt  of  atoraga  tan- 
parat'ira  la  oloaa  to  tha  ataoapharlc  praaaura  boiling  point  of  both 
fuala.  Ranoa«  tha  Internal  cavity  praaaura  will  approach  15  Iba/in^ 
under  thla  atorAga  condition*  Rh^ia  thin  praaaura  la  not  high 
enough  to  Induce  oorroaion  aaohanlar^a  auch  aa  atraaa  cracking  or 
Intar-granular  oorroaion,  It  la  arough  to  haatan  tha  failure  of  a 
vaakanad  vaaaal.  In  thla  eventual tty,  tha  flaaaabla  fluida  will  be 
propelled  from  tha  device  with  danger  of  fire  and  Injury  to  paraon- 
nal.  In  addition,  tha  fuel  cavity  la  gaa  praaaurlsad  during  uaa.  A 
fuel  cavity  auffloiantly  weakened  by  oorroaion,  therefore,  could 
cauaa  tha  device  to  aal function  during  uaa. 
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CHAPTER  3 

PART  I;  POTENTIODYNAMIC  TESTS 


EXPERIMENTAL 


Small  samples  of  the  aluminum  and  steel  components  of  the  device 
fuel  tank  were  fitted  with  wire  connections  and  cold  mounted  with  a 
special  plastic.  Some  aluminum  samples  were  mechanically  polished 
with  a  series  of  grits  and  finished  with  a  fine  oxide  compound.  The 
remaining  aluminum  and  steel  samples  were  left  in  their  original 
anodized  and  £?lnc  plated  states,  respectively.  The  mounted  samples 
were  masked  to  a  1  cm^  exposed  area  with  resistant  epoxy  paint. 

Table  1  gives  the  component  descriptions  and  material  designations 
for  the  Items  tested. 


TABLE  1.  DESCRIPTIONS  AND  MATERIAL  DESIGNATIONS  OF  TESTED  COMPONENTS 


COMPONENT 


MATERIAL  DESIGNATION 


Aluminum  body  section  0O6I-T6  alumlnuii  (1.0%Mg,  0.6%Sl, 

0.25%Cr),  anodized  In  accord 
with  MIL-A8625  Type  II,  Class  I. 
Also,  unanodlzed  samples  of  this 
aluminum  alloy 

Aluminum  screen  5052-32  aluminum  anodized  as  above 


Steel  nose  section 


0-ring 


1010-1020  steel,  zinc  plated  In 
accord  with  ASTM  B633-78,  Class 
Fe/Zn  13,  SC3  Type  II 

Ethylene-propylene 


The  laboratory  method  of  potentlodynamlc  scanning  was  chosen  as 
that  most  likely  to  yield  rapid  information  on  the  corrosion  suscep¬ 
tibility  of  tht  metals  in  the  two  prospective  fuels.  The  resulting 
data  were  supplemented  extensively  by  optical  photography.  In  the 
potentlodynamlc  (pd)  method,  a  potential,  referenced  to  an  appropri¬ 
ate  standard.  Is  applied  to  the  sample  and  slowly  stepped  from  nega¬ 
tive  (cathodic)  to  positive  (anodic)  values.  The  response  current 
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of  the  circuit  is  measured  and  recorded  versus  an  inert  counterelec¬ 
trode.  Corrosion  characteristics  of  the  sample  in  the  electrolyte 
can  be  determined  from  the  shape  of  this  curve. 


MEASUREMENTS  IN  THE  FUEL  MIXTURE 


A  test  cell  was  fabricated  using  a  graphite  counterelectrode  and 
calomel  standard  reference  and  filled  with  the  fuel  mixture.  A  pol¬ 
ished  aluminum  sample  was  Inserted  into  the  cell  and  immediately 
scanned.  Figure  2  shows  the  initial  measurement  on  this  sample. 

This  curve  is  quite  typical.  In  particular,  the  intersection  of  the 
limiting  slopes  (linear  region)  of  its  cathodic  and  anodic  branches, 
as  the  applied  potential  passes  through  0,  defines  the  metal's  cor¬ 
rosion  potential  This  provides  a  value  of  corrosion  current 

for  the  freely  corroding  metal,  as  indicated  in  Figure  2.  Taken 
with  physical  information,  this  measured  corrosion  current  can  pro¬ 
vide  a  value  of  uniform  corrosion  rate  for  the  metal. 

The  anodic  portion  of  the  scan  often  will  show  a  "passive" 
region  (dotted  addition  in  Figure  2),  within  which  the  current  does 
not  Increase  with  increasing  potential.  This  indicates  a  regime  of 
surface  protection,  usually  by  an  adherent  oxide  layer.  Above  this 
plateau,  the  protection  breaks  down  and  the  corrosion  current 
increases  rapidly,  often  with  the  onset  of  pitting.  In  the  present 
case,  fairly  wide  ranging  cathodic  to  anodic  scan  was  employed. 

This  was  done  specifically  to  place  the  test  surface  in  a  particu¬ 
larly  corrosion  vulnerable  condition.  If  the  "electrolyte"  were  to 
have  a  detrimental  effect  on  the  altimlnum,  such  a  scan  would  reveal 
it. 


The  corrosion  rate  as  determined  from  the  initial  scan  (Figure 
2)  was  quite  moderate  [<1  mil/year  (mpy) ] .  The  low  measured  corro¬ 
sion  current  of  1.6  XIO^  nanoamps  reflects  the  liquid's  relatively 
low  initial  electrical  conductivity.  By  way  of  comparison,  an  alu¬ 
minum  sample  run  in  distilled  water  produced  a  corrosion  current  of 
0.5-1. 9  XIO^  nanoamps.  Typical  corrosion  currents  observed  in 
acidic  electrolytes  are  several  orders  of  magnitude  larger.  No 
anodic  passivity  was  observed.  Of  particular  concern,  was  the  visi¬ 
ble  pitting  almost  Immediately  initiated  on  the  anodic  portion  of 
the  scan.  A  dark  localized  corrosion  product  emanated  from  the 
pits.  Upon  performing  a  second  scan,  it  became  evident  that  the 
pitting  corrosion  was  extremely  severe.  The  chemical  action  conti¬ 
nued  even  after  the  potential  was  removed.  This  was  the  case 
despite  a  still  relatively  low  calculated  corrosion  rate  (-2  mpy) . 
This  finding  points  out  the  importance  of  visual  observation  to  sup¬ 
plement  the  scans  in  a  complete  assessment  of  corrosion  performance. 
Figure  3  shows  the  very  severe  pitting  experienced  by  the  aluminum 
during  the  pd  scans.  At  this  point,  a  serious  incompatibility  was 
obvious  and  further  pd  scans  in  the  fuel  mixture  were  suspended. 
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FIGURE  3.  SURFACE  OF  UNANODIZED  6061-T6  ALUMINUM  BEFORE  AND 
AFTER  POTENTiODYNAMIC  SCANS  IN  FUEL  MIXTURE 
CONTAINING  CCI^ 


(BEFORE) 


(AFTER) 
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Theory  of  Pitting  Corrosion 

Since  severe  pitting  immediately  revealed  itself  the  dominant 
corrosion  process  here,  it  seems  appropriate  to  render  a  brief  gen¬ 
eral  discussion  of  the  subject  before  seeking  the  particular  mecha¬ 
nism  at  work  in  the  solvent. 

Pitting  is  a  very  localized  corrosion  attack  which  results  in 
holes  in  a  metal  surface.  It  is  perhaps  the  most  destructive  and 
insidious  form  of  corrosion.  These  pits  are  often  difficult  to 
detect  because  of  their  small  size  and  covering  with  corrosion  prod¬ 
ucts.  As  in  the  present  case,  the  uniform  corrosion  appears  mini¬ 
mal,  but  failures  often  occur  with  extreme  suddenness. 

The  pitting  mechanism  can  be  considered  an  autocatalytic  pro¬ 
cess.  That  is,  the  corrosion  processes  within  the  pit  produce  con¬ 
ditions  which  are  both  stimulating  and  necessary  for  continuing 
activity  and  propagation.  This  is  illustrated  schematically  in  Fig¬ 
ure  4 (upper).  Here  the  A1  metal,  designated  M,  is  being  pitted  by  a 
chloride  solution.  Rapid  dissolution  occurs  within  the  pit,  while 
oxygen  reduction  takes  place  on  adjacent  surfaces.  This  activity  is 
self -stimulating  and  self -propagating.  This  rapid  dissolution  of 
metal  tends  to  produce  an  excess  of  positive  charge  in  the  area, 
resulting  in  the  migration  of  chloride  ions  to  maintain  electroneu¬ 
trality.  Thus,  in  the  pit,  there  is  a  high  concentration  of  AICI3 
and,  as  a  result  of  hydrolysis,  a  high  concentration  of  hydrogen 
ions.  Both  hydrogen  and  chloride  ions  stimulate  the  dissolution  of 
aluminum  and  the  entire  process  accelerates  with  time.  Since  the 
solubility  of  oxygen  is  virtually  zero  in  concentrated  solutions, 
negligible  oxygen  reduction  occurs  within  the  pits.  The  cathodic 
oxygen  reduction  on  the  surfaces  adjacent  to  the  pits  tends  to  sup¬ 
press  corrosion.  In  a  sense,  pits  cathodically  protect  the  rest  of 
the  metal  surface. 

Application  to  Case  of  Aluminum  in  Fuel  Mixture 

The  present  case  of  aluminum  exposed  to  a  normally  non-conduct¬ 
ing  organic  solvent  mixture  presents  a  more  unusual  case  of  pitting 
reaction.  The  chloride  "ions"  are  supplied  by  a  unique  type  of 
anodic  reaction.  Examination  of  some  standard  corrosion  texts 
revealed  interesting  information.  Laque  and  Copson^  make  the  fol¬ 
lowing  observations  regarding  the  corrosion  of  aluminum  alloys  in 
halogenated  hydrocarbons: 

"Most  halogenated  hydrocarbons  are  compatible  with  aluminum 
alloys  at  ambient  temperatures.  Elevating  the  temperature  to  the 
boiling  point  may  cause  certain  halogenated  hydrocarbons  to  react 
with  aluminum.  Even  under  these  conditions,  however,  compounds  such 
as  trichloroethylene  and  perchloroethylene  are  not  reactive  and  have 
been  successfully  employed  with  aluminum  for  metal  degreasing  oper¬ 
ations.  Instances  of  unexpected  corrosion  by  relatively  inert  hal¬ 
ogen  compounds  (such  as  the  above)  have  usually  been  traced  to  the 
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FIGURE  4.  SCHEMATIC  REPRESENTATIONS  OF  PITTING  CORROSION 
AND  CREVICE  CORROSION 
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Contaminant  metals  or  other  compounds  which  in  turn  >>ave  started  a 
reaction  with  finely  divided  aluminum  dust  or  chip...  Other  haloge- 
nated  organic  compounds  which  can  be  handled  with  aluminum  are  ben¬ 
zene  hexachlor ide ,  benzoyl  chloride,  methyl  chloride,  vinyl  chloride 
and  dichloromonofluoromethane. " 

"The  presence  of  moisture  in  halogenated  hydrocarbons  can  lead 
to  hydrolysis  of  the  chloride  to  form  hydrochloric  acid  which  can 
attack  aluminum.  Precautions  should  be  taken,  therefore,  to  keep 
halogenated  compounds  as  dry  as  possible." 

"Aluminum  reacts  rapidly  with  boiling  carbon  tetrachloride  to 
form  aluminum  chloride  and  hexachloroethane .  A  rather  critical  tem¬ 
perature  dependence  can  be  shown  ranging  from  rapid  reaction  at  the 
boiling  point  to  negligible  reaction  in  18  months  at  room  tempera¬ 
ture.  The  presence  of  the  reaction  product  aluminum  chloride  accel¬ 
erates  the  reaction,  whereas  hexachloroethane  has  no  effect.  The 
aluminum  chloride  acts  as  an  accelerator  probably  through  the  forma¬ 
tion  of  complexes  with  the  carbon  tetrachloride." 

The  situation  is  made  even  more  specific  by  Uhlig:^  "Severe 
accidents  have  been  caused  by  the  high  reaction  rate  of  aluminum 
with  anhydrous  chlorinated  solvents  such  as  in  the  degreasing  of 
castings,  ball  milling  of  A1  flake  with  CCI4,  or  even  in  the  case  of 
A1  used  as  a  container  at  room  temperature  for  mixed  chlorinated 
solvents.  The  reaction  with  CCI4,  for  example  has  been  shown  to 
follow: 

2A1  +  6CCI4 - >  2AICI3  +  3C2CI5  ^  +  Heat 

the  hexachloroethane  (C2CIS)  is  given  up,  while  the  AICI3  remains  ir 
the  pit  vicinity  as  an  autocatalyst.  The  corrosion  rate  for  99.99% 
A1  in  boiling  anhydrous  CCI4  is  very  high,  e.g.,  37,500  mdd  (20,000 
mils/yr) .  Should  the  temperature  reach  the  melting  point  of  alumi¬ 
num,  the  reaction  may  proceed  vexplosively.  An  induction  time  in  the 
order  of  55  minutes,  during  which  corrosion  is  negligible,  precedes 
the  rapid  rate.  This  induction  time  is  lengthened  either  by  the 
presence  of  water  in  the  CCI4  (480  min)  or  by  some  alloying  addi¬ 
tions,  e.g.,  Mn  or  Mg  (30  hours  for  type  5052).  On  the  other  hand, 
addition  of  AICI3  or  FeCl3  to  CCI4  decreases  the  induction  time  to 
zero  without  appreciable  effect  on  the  induction  rate.  The  corro¬ 
sion  rate  of  A1  in  water-saturated  CCI4,  following  a  prolonged 
Induction  time,  is  about  twice  that  in  the  anhydrous  solvent." 

A  corrosion  reactivity  of  this  severity  would  pierce  the  125  mil 
aluminum  vessel  wall  within  a  few  days  storage  at  the  specified  max¬ 
imum  temperature  of  160^F  after  pit  initiation.  This  reaction  is 
especially  insidious  because  of  its  exothermal  nature.  The  emitted 
heat  raises  the  local  temperature,  which,  in  turn,  further  abets  the 
reaction. 
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MEASUREMENTS  IN  PURE  METHANOL 

Having  encountered  the  severe  incompatibility  with  the  solvent 
fuel  mixture,  attention  was  focused  on  pure  methanol  as  an  alterna¬ 
tive.  The  method  of  pd  scanning  again  was  employed  to  obtain  timely 
corrosion  compatibility  information. 

Mounted  samples  of  each  metal  surface  of  Table  1  were  prepared 
as  previously  described.  A  uew  test  cell  containing  graphite 
counter  and  standard  calomel  reference  electrode  was  fabricated. 
Since  numerous  pd  scans  were  run  in  this  series,  care  was  taken  that 
the  electrolyte  not  become  contaminated.  In  particular,  there  had 
been  some  concern  of  possible  contamination  of  the  methanol  electro¬ 
lyte  by  the  gradual  infiltration  of  chloride  ions  from  the  KCl  solu¬ 
tion  contained  in  the  reference  electrode.  Periodic  chemical 
checks  were  made  for  this  condition  by  introducing  AgN03  solution 
into  small  samples  of  the  used  electrolyte.  Fortunately,  no  chlo¬ 
ride  ions  were  detected  at  any  time.  The  standard  calomel  elec¬ 
trode,  therefore,  should  be  suitable  for  future  studies  with  organic 
electrolytes  of  this  type.  It  is  to  be  noted  that  the  methanol 
electrolyte  used  in  this  cell  was  in  continuous  contact  with  the 
atmosphere  and,  therefore,  is  presumed  to  contain  the  equilibrium 
content  of  absorbed  water  (-0.5%). 

Again  the  potentiodynamic  scans  were  taken  ever  a  wide  cathodic 
to  anodic  range  in  order  to  be  certain  of  revealing  any  incipient 
pitting,  etc.  A  PARC  351  corrosion  measurement  system  was  used  to 
obtain  the  scans,  which  were  recorded  for  possible  further  analysis 
at  a  later  date.  Another  goal  of  these  measurements  was  to  observe 
any  significant  increase  over  time  of  the  uniform  corrosion  rate, 
which  might  lead  to  premature  device  failure.  An  initial  scan  was 
taken  in  each  case  as  soon  as  possible  after  immersion.  Each  sample 
then  was  left  Immersed  at  ambient  temperature  for  24  hours  in  the 
fuel  and  another  scan  taken  (some  with  intermediate  scans) .  All  pd 
scans  were  carried  out  at  ambient  temperature. 

Figures  5,  6  and  7  contain  photographs  taken  before  and  after 
the  pd  scan  series  in  pure  methanol,  respectively,  of  the  anodized 
aluminum  cavity  wall,  steel  nose  section  and  unanodized  aluminum 
samples.  The  rough  white  material  visible  around  the  sample  perime¬ 
ter  is  epoxy  masking  paint.  Representative  pd  scans  are  given  in 
Figures  8  and  9.  The  Parcalc  fit  data  on  the  scans  refers  to  a 
built  in  calculation  which  produces  a  weighted  fit  to  the  Important 
linear  (Tafel)  region  of  the  potential  versus  current  curve  around 
Ecorr  corrosion  theory.  Agreement  with  manual  estimation 

of  the  Tafel  slopes  was  fair.  To  avoid  confusion,  only  the  manual 
measurements  of  Icorr  corrosion  rates  are  included  in  the  data 
of  Table  2.  The  post-scan  pictures  of  Figures  5  and  6  show  no  evi¬ 
dence  of  pitting. 
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(AFTER) 


FIGURE  5.  ANODIZED  6061-T6  ALUMINUM  SURFACE  BEFORE  AND 
AFTER  POTENTIODYNAMIC  SCANS  AND  24  HOUR 
IMMERSION  IN  METHANOL 
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(BEFORE) 


(AFTER) 


FIGURE  6.  ZINC-PLATED  STEEL  SURFACE  BEFORE  AND  AFTER  POTENTIODYNAMIC 
SCANS  AND  24  HOUR  IMMERSiON  IN  METHANOL 
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1  CM 


FIGURE  7.  UNANODIZED  6061-T6  ALUMINUM  SURFACE  BEFORE  AND  AFTER 

POTENTIODYNAMIC  SCANS  AND  24  HOUR  IMMERSION  IN  METHANOL 


N8WCTR8?-3et 


MODE!  351 

Mfc-RS'JRfMtNT  SYSTPH 

■a  l  u  a  M'E  t  h 

CCRR05I0N 

21  OCT  1986 

COWENTt 
6D61-T6  iJNflN 

3  niN 

PCTENTIODYNRMIC 

38TE  cprpTED 

_2L. 

OCT  1966 

RUM  ORTE  21 

XT  1986 

!R  COFP 

OISBaLEO 

II  II  11  HIM 

B7W7“ 

rriwi  E 

1.8  V  -  Ec 

Tflra  BHB  c 

«  0.977 

v/occ 

INITIPI  E 

« 

-1,?  V  -  Ec 

Ecorr 

•  -0.698 

V 

iMr’rFL  or.  BY 

80  SEC 

E(I*81 

>  -0.496 

V 

SCBN  RATE 

Eourv  WEIGHT 
OEMS  IT Y 

«i 

m 

k 

?  •V/SEC 

9  g/EOUrV 

7  9/'cii3 

Irorr 

CORR  IWTE 
(Parcalc) 

.  8  E-6 
*  4  EO 

B  /cm7 

m 

(WEB 

ft 

1  CM? 

I  "  2,S  E-6 

corr  «.  o 

CORK  RATE  -  1.25  MPY 

(Dlract  maRsurr«*nt) 

FIGURE  8.  POTENTIODYNAMIC  SCAN  OF  UNANODIZED  6Q61T6  ALUMINUM  IN  METHANOL 


1 

I 

I 


18 


NSWC  TR  •T4«8 


,yC3EL  351 

FEZNMETH^ 

CC8R05ION  SYSTEM 

22  OCT  1986 

SfEEL  1810-20  :n  PL  3  Mifi 


POTENTIODYNRKIC 

DftTE  CREflYEO  22  OCT  1S8S 

RUll  ORTE  22  OCT  1986 

IK  COHP  •  OISRBLCO 

FIfiPL  C  •  1.8  V  -  Cc 

INHIRL  C  •  -1.2  V  -  Ec 

iNlflRL  OaRT  •  60  SEC 

SCRU  RRTE  •  2  iiV/?EC 

EOUIV  WEIGHT  «  22.9  ©/EQ'JlV 

CENSITY  ■  7.8  g<ci«3 

RKER  •  1  ai2 

TRFa  bCir  •  •  D.893  '  V/DCt 

TRFEL  BETR  e  •0.671  V/DEC 

Ecorr  •  -0.729  V 

E 1 1*01  •  -O.SIS  V 

leorr  •  7  E-6  R  /e*? 

CORK  RRTE  •  3  EO  HPY 

(Parcalc) 

I  -  4,S  E-6 

eorr 

CORK  RATE  “  l.*3  MPY 

(Dlr*ct  mRRiurcioant) 

FIGURE  9.  POTENTIODYNAMIC  SCAN  OF  ZINC-FLATED  STEEL  IN  METHANOL 


19 


NSWCTR  87468 


TABLE  2.  CORROSION  DATA  ON  TESTED  METALS  IN  PURE  METHANOL 
BY  POTPNTIODYNAMtC  SCANNING 


MATERIAL 

IMMERSION  TIME 

(mpy) 

leorr  (pA> 

Ecorr* 

6061-T6  Al 

3  min 

0.  004 

0.  01 

-0.  77 

ANODIZED 

6  hr* 

0.  28 

0.  83 

1 

o 

• 

CD 

24  hr* 

0.  18 

0.4 

-0.8 

6061-T6  A) 

3  ttnn 

1.3 

2.5 

-0.7 

UNANODIZED 

24  hr* 

3.2 

6.  3 

-0.  82 

1010-80  STL 
In  PLATED 

3  min 

1.9 

4.5 

-0.  73 

24  hr* 

10.0 

23.  4 

01 

• 

O 

1 

5052-32  Al 
ANODIZED 

10  min 

o.e 

1 

1 

o 

• 

SCREEN 

84  hr* 

0.  14 

0.  32 

-0.  34 

*  REFERENCED  to  STONDRRD  CftLOMEL  ELECTRODE 
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The  corrosion  rates  of  Table  2  calculated  from  the  scans  of  the 
anodized  aluminum  and  steel  samples  are  relatively  modest  with  some 
Indication  of  greater  corrosion  of  the  steel.  In  the  case  of  the 
anodized  A1  surface  (Figure  5) ,  Table  2  shows  an  Initial  rise  In 
corrosion  rate  from  0.004  to  0.28  mpy  followed  by  a  decline  to  0.18 
mpy  at  24  hours  Immersion.  This  Indicates  the  tendency  of  this  sur¬ 
face  toward  passivation  In  the  methanol.  This  Is  a  desirable  condi¬ 
tion,  as  the  corrosion  rate  likely  will  settle  to  a  comfortably  low 
value.  The  steel  sample  of  Figure  6 (bottom)  shows  evidence  of  some 
zinc  plating  removal,  but  Is  otherwise  unaffected. 

The  polished,  unanodlzed  aluminum  sample  of  Figure  7  shows  a 
somewhat  different  behavior  under  potentlodynamlc  scanning.  Table  2 
Indicates  a  corrosion  rate  of  1.3  mpy  on  the  Initial  scan.  After  24 
hours  Immersion  and  a  second  scan,  the  computed  corrosion  rate  had 
Increased  to  3.2  mpy.  Thus,  In  the  absence  of  the  protective  oxide 
layer,  early  passivation  Is  not  established.  A  longer  term  experi¬ 
ment  would  be  necessary  to  determine  the  extent  of  eventual  passiva¬ 
tion  In  the  methanol.  Here  the  presence  of  absorbed  water  may  play 
a  critical  role.  Generally,  aluminum  alloys  will  passivate  In  pure 
water.  However,  If  sufficient  water  Is  not  present  to  help  stabi¬ 
lize  and  replenish  the  oxide  layer,  passivation  may  not  be  main- ' 
talned  even  In  a  relatively  nonhostlle  environment  such  as  methanol. 

Although  the  corrosion  rate  of  this  unanodlzed  sample  Is  some 
lOX  that  of  the  anodized  surface,  It  Is  still  at  an  acceptable 
level,  provided  passivation  eventually  Is  established.  Of  perhaps 
greater  concern  Is  the  rather  fine  scale  Incipient  pitting  evident 
after  the  2  scans  and  24  hour  Immersion  [Figure  7 (bottom)].  These 
pits  are  apparently  slow-growing.  They  probably  result  from  a  gen¬ 
eral  Inadequacy  of  the  Initial  oxide  layer  on  the  aluminum  surface 
coupled  with  the  lack  of  sufficient  oxygen,  rather  than  any  great 
hostility  of  the  electrolyte  medium.  Nevertheless,  the  relative 
dearth  of  available  oxygen  for  protective  oxide  layer  healing  could 
allow  the  conditions  for  serious  pitting  to  develop.  This  all 
points  to  the  value  of  the  anodization  In  preventing  initial  dete¬ 
rioration  of  the  oxide  layer. 
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CHAPTER  4 

PART  II:  GALVANIC  CORROSION 


BACKGROUND 


Since  the  dissimilar  metals  aluminum  and  steel  are  present  In 
contact  in  the  fuel  wetted  portion  of  the  device,  a  galvanic  couple 
will  he  set  up  with  the  fuel  as  electrolyte.  Table  3  gives  the 
galvanic  series  of  many  important  metals  in  seawater.  Generally, 
metals  located  close  to  one  another  in  this  series  do  not  experi¬ 
ence  serious  galvanic  effects.  Nhile  the  predictions  of  this  table 
are  not  directly  applicable  to  other  electrolytes,  large  galvanic 
currents  still  are  unanticipated  with  this  couple-liquid  combina¬ 
tion.  The  system,  however,  must  be  tested  to  be  certain  of  com¬ 
plete  compatibility. 


EXPERIMENTAL 


Samples  were  cut  from  actual  surface  treated  portions  of  the 
steel  nose  and  aluminiam  body.  These  were  cold  mounted  with  electri¬ 
cal  wire  connections.  The  samples  were  masked  to  achieve  approxi¬ 
mately  the  fuel  wetted  area  ratio  of  steel  to  aluminum  found  in  the 
device  (about  1:20.6).  The  photograph  (Figure  10)  shows  the 
mounted  samples  before  the  galvanic  couple  corrosion  test  in  metha¬ 
nol.  Enlarged  photographs  of  the  surfaces  were  taken  for  later 
comparison.  The  samples  subsequently  were  mounted  in  a  cell  of  one 
liter  capacity.  A  standard  calomel  electrode  was  used  as  refer¬ 
ence.  The  PARC  351  Corrosion  Measurement  Console  was  used  in  its 
galvanic  couple  mode  to  monitor  the  galvanic  current  and  corrosion 
potential  over  a  period  of  about  six  weeks.  The  measurements  were 
made  frequently  during  this  period.  During  the  entire  period  the 
immersed  samples  were  electrically  connected.  The  corrosion  cell 
was  exposed  to  the  air  during  the  entire  period,  allowing  equili¬ 
brium  quantities  of  water  vapor  and  oxygen  to  be  absorbed  into  the 
electrolyte.  Additional  methanol  was  added  regularly  due  to  evapo¬ 
ration. 
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TABLE  3.  GALVANIC  SERIES  IN  SEAWATER  FOR  VARIOUS  METALS 


Cathodic 

(Most  Noble)  Platinum 

Gold 

Graphite 
Titan; urn 
Silver 
Zirconium 

Type  316,  317  Stainless  Steel  (passive) 
Type  30A  Stainless  Steel  (passive) 

Type  410  Stainless  Steel  (passive) 
Nickel  (passive) 

Silver  Solder 
Cupro  Nickels  (70-30) 

Bronres 

Copper 

Brasses 

Nickel  (active) 

Naval  Brass 

Tin 

Lead 

Type  316,  317  Stainless  Steels  (active) 
Type  304  Stainless  Steel  (active) 

Cast  Iron 
Steel  or  Iron 
Aluminum  2024 

, ,  Cadmium 

Aliiminum  (commercially  pure) 

Anodic  Zinc 

(Active)  Magnesium  and  Magnesium  Alloys 


Tin 

(Prom;  "Zircadyne  Corrosion  Data"  Publication  by  Teledyne 
Wah  Chang,  Albany,  OR  97321) 
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RESULTS 
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Figure  11  is  an  output  scan  of  current  versus  time  for  the 
couple  taken  on  the  Corrosion  Console.  Such  monitoring  scans  were 
made  frequently  during  the  test.  The  average  current  was  extracted 
from  each  scan  and  used  to  plot  Figure  12.  Figure  12  shows  the 
galvanic  current  in  nanoamps/cm^  versus  time  in  hours  over  the 
entire  test  period.  The  cell  was  connected  to  the  measurement 
instrument  with  polarity  assuming. the  aluminum  electrode  to  be 
anodic.  Thus  the  designation  on  the  current  axis  refers  to  this 
electrode.  The  results  show  that,  through  about  the  first  400 
hours,  the  aluminum  was  actually  cathodic.  The  steel,  therefore, 
was  the  corroding  (anodic)  member  during  this  period.  This  was  not 
unexpected,  however,  since  the  zinc  plating  should  act  as  a  sacri¬ 
ficial  electrode.  After  the  zinc  has  dissolved,  the  galvanic  cur¬ 
rent  may  be  expected  to  reverse. 

The  aluminum  becomes  anodic.  The  galvanic  current  subsequently 
continues  to  increase,  saturating  at  1-1.2  microamps/ cm^  after  about 
1000  hours  exposure.  The  saturating  behavior  indicates  the  pos¬ 
sible  gradual  formation  of  a  partially  protective  thick  oxide  layer 
on  the  aluminum.  Figure  13  shows  the  corrosion  potential  Ecorr 
versus  time.  The  sign  change  at  400  hours  and  limiting  negative 
trend  toward  the  conclusion  of  the  test  confirm  the  conclusions 
above.  The  apparent  instability  of  E^orr  this  point  might  indi¬ 
cate  some  breakdown  or  defects  in  the  developed  protective  oxide 
film.  By  way  of  comparison.  Figure  14  shows  the  same  galvanic 
couple  in  a  3.5%  NaCl  electrolyte.*  The  corrosion  current  density 
is  some  15-2 CX  larger  in  this  case.  It  is  shown  below  that  even 
this  rate  of  corrosion  is  not  serious,  provided  significant  pitting 
is  not  occurring. 

Figure  15  shows  the  mounted  steel  sample  before  (top)  and  after 
(bottom)  the  test.  The  masking  paint  has  been  removed  from  the 
post  test  sample,  revealing  the  cut  sample  edges.  Although  corro¬ 
sion  activity  has  taken  place  beneath  the  masked  portion,  the 
arrows  point  out  small  sections  of  zinc  plating  remaining.  The 
removal  of  the  zinc,  therefore,  from  the  exposed  surface  correlates 
with  the  change  in  polarity  of  the  galvanic  corrosion  current  at 
400  hours  (Figure  12)  . 

The  measurements  of  Figure  12  indicate  a  saturating  galvanic 
current  of  1.0  to  1.2  microamps/ cm^  at  the  alvimlnum  member  which  is 
the  predominant  corroding  (anodic)  component  after  dissolution  of 
the  zinc  plating  on  the  steel.  Computation  of  the  corresponding 
corrosion  rate  in  mllli-inches/year  (mpy)  is  as  follows: 

Where:  EW=  equivalent  weight 
d=  density 

inpy=  {EW*lcorr/d*F*A}*l. 26*10^  F»  96,500  Coulombs  (Faraday) 

A«  Sample  area 

*Data  courtesy  of  Dr.  Jack  McIntyre  (R33) ,  NSWC  Corrosion  Group 
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MODEL  351 

CORROSION  MEASUREMENT  SYSTEM 

Al 

u  S  T  M  E 

COMMENT) 

RL-STEEL  COUPLE  F26  PROPORTIONAL  AREAS 

i50B  am 


RUN  TIME 

-  3600  SEC 

EOUIV  WEIGHT 

»  9  9/EQUIV 

Ecorr 

»  -0.1  V 

DENSITY 

*  2.81  g/cnS 

Etr«01 

B  0  V 

AREA 

■  20. 6  ciii2 

FIGURE  11.  ALUMINUM-STEEL  GALVANIC  COUPLE  CORROSION  SCAN:  GALVANIC  CURRENT 
VERSUS  TIME  IN  METHANOL 
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FIGURE  13.  CORROSION  POTENTIAL  E^orr  VERSUS  TIME  FOR  ZINC-PLATED 
STEEL/6061-T6  ALUMINUM  COUPLE  IN  METHANOL 
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(BEFORE) 


(AFTER) 


FIGURE  IS.  ZINC-PLATED  STEEL  SURFACE  BEFORE  AND  AFTER  GALVANIC 
CORROSION  TEST  IN  METHANOL 
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Applying  th*  abovs  to  tha  aluainua  with  tha  obaarvad  currant 
ranga  raaulta  in  a  nagligibla  oorroaion  rata  of  0.5-0. 6  X  10~^  apy. 
Thla  corroalon  rata  aight  changa  aoaawhat  had  tha  taat  prograaaad 
furthar,  howavar,  axperlanca  haa  aho%m  that  furthar  aignif leant 
changaa  will  not  occur. 

Probably  aora  importantly,  tha  ooupla  vaa  axaainad  for  avi- 
danca  of  pitting  at  tho  taat  taraination.  Figura  15  indlcataa  no 
pitting  of  tha  ataal  alaotroda.  Figura  16  ahowa  tha  aaaa  anlargad 
aurfaca  araa  of  tha  aluainua  alaotroda  bafora  (top)  and  aftar  (bot¬ 
tom)  tha  taat.  Datailad  axaaination  indlcataa  no  pitting.  Evan 
acratchaa  raaaln  virtually  idantioal  in  appaaranca  aftar  tha  taat. 
Pitting,  tharafora,  aa  a  coaponant  of  tha  galvanic  oorronion  of  tha 
matala  in  mathanol  doaa  not  aaaa  to  ba  a  problaa. 
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(B6F0RE) 


(AFTER) 


FIGURE  16.  ANODIZED  6061T6  ALUMINUM  SURFACE  BEFORE  AND  AFTER 
GALVANIC  CORROSION  TEST  IN  METHANOL 
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CHAPTER  5 

PART  III:  CREVICE  CORROSION 


background 


Thtt  O-rlng  groove  area  oonatitutaa  a  oravioa  which 
may  trap  and  concentrate  stagnant  corrosive  ooaqpounds  from  the 
electrolyte.  This  is  shown  schematically  in  Figure  4 (lower). 

These  compounds  could  preferentially  corrode  the  groove  area,  caus¬ 
ing  leaks  in  the  system.  An  elevated  temperature  test  was  designed 
and  carried  out  to  examine  this  possibility.  At  the  same  time, 
some  information  accrued  on  compatibility  of  the  o-ring  material 
itself.  This  information  is  necessarily  qualitative  and  limited  in 
scope  to  compatibility  of  the  given  test  material.  Such  data  is 
actually  incidental  to  a  corrosion  test,  but  has  been  included  in 
this  section  because  of  its  important  consequences  in  the  device 
involved. 


EXPERIMENTAL 


Four  small  vessels  about  3  inches  in  length,  consisting  of 
6061-T6  aluminum  canisters  about  3  inches  long  were  fabricated  with 
mating  steel  1018  caps.  The  cans  and  caps  were  sized  to  fit  with 
proper  0-ring  tolerance.  Likewise,  the  0-rlng  groove  was  machined 
into  the  steel  cap  according  to  the  specifications  for  the  given 
O'-rlng  found  in  Figure  17.  The  tops  were  made  with  four  threaded 
holes  above  the  groove  for  holding  them  firmly  in  place  with  small 
screws,  against  the  Internal  pressure  of  some  15  Ibs/in^  at  70^C. 
This  configuration  reproduces  the  device  fuel  chamber,  in  scale, 
with  reasonable  accuracy.  The  0-ring  size  was  that  used  between 
fuel  chamber  and  gas  generator  in  the  actual  device. 

In  order  to  extract  the  maximum  corrosion  information  possible, 
subject  to  the  limited  number  of  samples,  the  containers  were 
organized  into  a  small  test  matrix  (a  larger  number  of  samples  usu¬ 
ally  are  tested,  as  corrosion  tests  are  by  nature  statistical) .  Two 
container  sets  were  anodized/Zn  plated  according  to  specifica¬ 
tions'^  for  the  aluminum  and  steel  parts,  respectively.  Photo- 

*Aluminvun  anodized  in  accordance  with  MlL-A-8625,  Type  II,  Class  I. 

**Zinc  plate  in  accordance  with  ASTN  B633-78,  Class  Fe/Zn  13,  SC3, 
Type  II. 
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(A)  INDUSTRIAL  O  RINQ  SEAL  GLANDS 


(B)  DESIGN  CHART 

FIGURE  17.  DESIGN  CHART  FOR  INDUSTRIAL  0-RING  STATIC  SEAL  GLANDS 
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graphs  of  the  test  container  0-rlng  groove  areas  were  taken  before 
filling.  The  surfaces  of  the  remaining  two  vessels  were  Intention¬ 
ally  left  untreated.  Figure  18  shows  a  pair  of  these  vessels.  The 
difference  In  appearance  of  the  surface  treated  container  on  the 
left  may  be  noted. 

Figure  19 (top)  is  a  close  view  of  the  0-ring  groove  vicinity  in 
the  plated  steel  cap  before  filling  and  closure.  Figure  20 (top), 
likewise,  is  a  view  of  the  0-ring  contacting  portion  of  the  cylin¬ 
drical  aluminum  vessel  wall.  A  broad  in  focus  area  is  not  easily 
attainable  here  because  of  the  geometry.  The  0-rings  were  lightly 
greased  with  the  compound  normally  used  in  the  device. 

Two  vessels,  one  with  and  one  without  treated  surfaces,  were 
placed  in  a  glove  box,  prepared  for  this  purpose.  These  vessels 
were  filled  with  methanol  after  evacuating  and  backfilling  3  times 
with  argon  (Ar)  gas.  The  methanol  itself  was  neither  de-aerated 
nor  dried.  The  remaining  two  vessels  were  filled  in  air.  The 
fluid  level  was  adjusted  to  about  0.5-1  cm  below  the  0-ring  with 
the  caps  inserted.  After  fitting  the  steel  caps  using  the  retain¬ 
ing  screws,  the  vessels  were  sealed  in  glass  bottles.  These 
bottles  were  placed  horizontally  in  a  controlled  temperature  water 
bath  at  70°C  (160®F) .  After  two  days,  the  bottles  were  removed  to 
check  for  water  leaks.  At  this  point,  the  bottles  were  resealed 
with  rubber  top  gaskets  after  weighing  each  test  vessel.  These 
weights  provided  a  reference  to  determine  leakage  of  the  fuel  from 
the  vessels  over  the  3  month  test  period. 

The  intent  of  the  test  matrix  was  to  discover  the  effect  of 
trapped  air  above  the  fluid  versus  an  inert  gas.  Simultaneously, 
the  untreated  vessels  were  intended  to  track  the  possible  progres¬ 
sion  of  crevice  corrosion  after  dissolution  of  the  anodization/zinc 
plating  films.  It  must  be  recalled,  however,  that  any  corrosion 
normally  will  be  limited  in  a  sealed  vessel  by  the  residual  free 
and  dissolved  oxygen,  except  in  the  case  of  corrosion  promoting 
decomposition  of  the  electrolyte  itself  as  occurred  with  the  fuel 
mixture  containing  CCI4.  This  test  has  examined  and  eliminated 
this  possibility  for  pure  methanol.  The  containers  were  placed 
horizontally  during  the  test,  since  this  will  be  the  normal  posi¬ 
tion  of  the  devices  during  storage. 


ISSUES  CONCERi-^ING  THE  SEALED  CAVITY  CORROSION  TEST 

1.  The  progression  of  crevice  corrosion  (if  any)  at  the  0-ring 
groove  in  methanol; 

a.  The  effect  of  trapped  oxygen 

b.  Assessment  of  the  effectiveness  of  surface  treatments  (e.g., 
anodizing  and  zinc  plating) 

c.  Possible  breakdown  of  fuel  under  long  term  de-aerated  condi¬ 
tions 
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FIGURE  19.  ZINC-PLATED  STEEL  CAP,  BEFORE  AND  AFTER  CREVICE  CORROSION 
TEST,  ARGON  FILL  AND  AIR  FILL 


NSWC  TR  87-368 


(BEFORE) 


(AFTER) 


FIGURE  20.  0-RING  CONTACT  AREA  OF  UNANODIZED  6061-T6  ALUMINUM  CONTAINER, 
BEFORE  AND  AFTER  CREVICE  CORROSION  TEST 
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2.  Suitability  of  the  ethylene-propylene  0-rings: 

a.  Compatibility  of  the  0-ring  material  with  the  fuel 

b.  Alternative  0-ring  materials 

c.  Long  term  fuel  leakage,  internal  and  external 

d.  Effect  of  storage  temperature 


The  issues  under  2.  are  marginally  within  the  scope  of  such  a 
test  as  noted  above.  However,  these  were  of  major  concern  to  this 
project  because  of  the  requirement  of  lengthy  device  storage  life 
and  flammability  danger  on  leakage.  Therefore,  they  are  addressed 
in  so  far  as  possible. 

During  the  first  phase  of  this  study,  short  term  compatibility 
of  the  fuel  mixture  with  the  ethylene-propylene  0-ring  was  estab¬ 
lished  by  a  short  term  elevated  temperature  (20  minute  boiling)  and 
extended  (2.5  day  ambient)  inunersion  tasts.  Table*4  indicates  the 
degree  of  compatibility  of  various  elastomers  with  methanol. 
Ethylene-propylene  is  listed  here  under  its  trade  name  of  NORDEL^’'*'. 
Although  methanol  is  listed  as  having  little  or  no  effect  on  this 
material  at  the  test  temperature,  the  caution  expressed  in  the 
underlined  paragraph  at  the  top  of  this  table  may  be  especially 
pertinent  to  the  present  case. 

There  was  legitimate  question  of  the  long  term  suitability  of 
the  ethylene-propylene  material  in  the  fluid.  An  alternative  rec¬ 
ommendation  of  neoprene  was  made.  The  data  of  Table  4  lists  the 
latter  also  as  having  good  chemical  resistance  to  methanol.  Mate¬ 
rial  properties  given  in  Table  5,  however,  do  not  necessarily  sup¬ 
port  this  recommendation.  With  the  exception  of  the  somewhat 
poorer  performance  of  ethylene-propylene  in  solvents  and  petroleum 
based  fluids  than  neoprene,  the  former  appears  to  be  superior  in 
other  important  categories.  This  is  true  especially  of  the  sus¬ 
tained  service  temperature  parameter.  This  is  listed  as  95^C  for 
neoprene  and  145°C  for  ethylene-propylene.  Hence,  the  necessity  to 
make  some  judgement  on  the  subject  from  the  results  of  the  present 
test. 

The  condition  of  the  0-ring  at  termination  of  the  sealed  con¬ 
tainer  test  was  a  critical  factor  in  this  judgement.  Qualitative 
evaluation  based  upon  comparison  of  properties  (e.g.,  swelling, 
stiffness,  etc.)  were  made.  The  test  period  at  elevated  tempera¬ 
ture  is  approximately  equivalent  to  5-6  years  storage  at  ambient 
temperature . 


41 


NSWC  TR  87-368 


TABLE  4.  CHEMICAL  RESISTANCE  OF  VARIOUS  ELASTOMERS 
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TABLE  S.  COMPARATIVE  PROPERTIES  OF  0-RING  MATERIALS 
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(Data  of  Tables  4  and  5  obtained  from  bulletin  entitled,  "Engineering 
Guide  to  the  duPont  Elastomers,"  E.  I.  DuPont  de  Nemours  &  Co.,  Inc., 
Elastomers  Division,  Wilmington,  DE  19898.) 
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RESULTS 


Figure  19(niddle)  pictures  the  0-rlng  groove  area  of  the  sur¬ 
face  treated,  Inert  atmosphere  vessel  at  the  test  conclusion.  Fig¬ 
ure  19 (bottom)  shows  the  same  portion  of  the  container  filled  In 
air.  Comparison  of  these  photographs  Indicates  no  corrosion  or 
removal  of  zinc  plating  from  the  fuel  contacting  upper  edge  (arrow) 
of  the  0-rlng  groove  In  either  case.  Apparently  Insufficient  free 
oxygen  Is  present,  even  with  air  filling,  to  produce  any  corrosion. 
Also  apparently,  no  decomposition  of  the  fuel  has  taken  piece  as  a 
source  of  additional  free  oxygen  for  corrosion  propagation. 

An  Initially  unanticipated  result  of  the  test,  however.  Is  the 
corrosion  observed  on  the  lower  portion  (In  Figure  19  photographs) 
of  the  caps.  This  Is  the  atmosphere  exposed  side  of  the  seal. 

This  corrosion  was  caused  by  water  seepage  or  condensation  In  the 
containing  jar  and  subsequently  Into  the  crevice  between  cap  and 
container  bottom.  The  corrosion  here  has  apparently  oxidized  the 
zinc  plating.  It  has  made  Its  way  to  the  very  edge  of  the  0-rlng 
groove.  The  attack  here  appears  to  be  confined  at  this  point  In 
time  to  the  zinc  coating  because  of  Its  sacrificial  nature. 

Figure  21  shows  the  situation  with  one  of  the  untreated  tops. 
Likewise,  In  this  case,  no  corrosion  has  occurred  on  the  fuel  con¬ 
tacting  portion  of  the  0-rlng  groove  (arrow  at  top  of  lower  photo) . 
On  the  other  hand,  extensive  corrosion  has  taken  place  on  the  atmo¬ 
sphere  side  up  to  the  edge  of  the  groove.  The  corrosion  Is  not  yet 
so  serious  as  to  cause  any  leakage.  It  should  be  noted,  however, 
that  this  degree  of  corrosion  has  been  produced  by  limited  contact 
with  the  tap  water  of  the  constant  temperature  bath.  Extensive 
exposure  to  awater  could  produce  a  much  worse  condition. 

Returning  to  Figure  20,  the  lower  photograph  shows  the  aluminum 
container  at  the  0-rlng  contact  region  after  the  test.  No  crevice 
corrosion  or  pitting  Is  evident.  The  noteworthy  detail  Is  the 
black  streak  of  0-rlng  material  visible  In  the  lower  photograph. 
This  Indicates  the  degree  of  softening  of  the  0-rlng  which  has 
taken  place.  The  subject  of  0-rlng  material  choice  has  been  dis¬ 
cussed  above  and  should  be  viewed  In  light  of  the  results  given 
below  and  anticipation  of  extended  device  storage. 

Before  op^^iilnc  -  the  test  conclusion,  each  container  was 
weighed  to  determine  the  extent  of  leakage  of  fuel  during  the  test. 
Table  6  Indicates  the  results  of  these  measurements.  The  Initial, 
final  and  empty  container  weights  are  Indicated.  The  percent 
losses  noted  In  the  last  column  are  quite  low,  given  the  severity 
of  the  test.  A  port '  '  .  of  these  losses.  In  fact,  can  be  attributed 
to  fuel  vapor  absor  ^  Into  the  0-rlngs. 


44 


NSWC  TR  87-368 


TABLE  6.  ELECTROLYTE  LOSS  DURING  70°C  CREVICE  CORROSION  TEST 


Anod/Zn  pi 
Ar  fill 

132.011 

130.59 

123.03 

16 

Anod/Zn  pi 
Air  fill 

133.191 

132.90 

124.00 

3.2 

Untreated 
Ar  fill 

132.261 

131.79 

122.95 

5.1 

Untreated 
Air  fill 

131.321 

130.78 

121.70 

5.6 

The  evidence  of  Figure  20  shows  that  the  0-ring  has  under¬ 
gone  at  least  some  softening  in  the  course  of  this  test.  The  post¬ 
test  0-ring  dimensions  of  about  0.65"  ring  X-section  and  0.745" 
ring  diameter  were  very  close  to  those  of  an  untested  0-ring. 

Simple  handling,  however,  showed  the  tested  rings  to  be  in  a  much 
less  resilient  and  weakened  state.  A  simple  hanging  weight  test 
was  used  to  document  their  loss  in  elasticity.  A  670  gram  weight 
was  suspended  from  a  ring  stand  by  an  untested  (control)  0-ring  and 
then  by  each  tested  ring  in  turn.  The  length  of  stretch  was  meas¬ 
ured  in  each  case.  The  results  are  shown  in  Table  7. 


TABLE  7.  SOFTENING  OF  0-RING  DURING  70Oc  CREVICE  CORROSION  TEST 
IDENTIFICATION  STRETCHED  LNTH.  %  INCREASE 


(Unstretched  length 

in  each  case  « 

1  inch) 

Untested  (control) 

1.325" 

32.5 

Unplated,  air  fill 

2.34" 

234 

Unplated,  Ar  fill 

2.58" 

258 

Zn  plated,  air  fill 

2.38" 

238 

Zn  plated,  Ar  fill 

2.60" 

260 

46 


NSWC  TR  87-368 


One  significant  conclusion  to  be  drawn  from  this  check  is  that 
the  vessels  have  sustained  only  slight  leakage  during  the  test 
period.  Fluid  losses  ranged  from  3-16%  of  the  contents.  While 
this  finding  does  not  assure  that  any  Internal  leakage  definitely 
will  not  occur  at  the  small  0-ring  between  fuel  cavity  and  gas  gen¬ 
erator,  the  probability  of  serious  leakage  over  a  five  year  storage 
period  is  small  with  the  current  0-ring  material.  Marked  softening 
and  weakening  of  the  ring,  however,  did  occur  during  the  test. 

This  casts  doubt  on  seal  integrity  over  a  more  prolonged  storage 
period.  The  situation  may  warrant  the  testing  of  other  0-ring 
materials  as  had  been  recommended. 
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CHAPTER  6 
SUMMARY 


Potttntiodynamlc  scanning  of  nountad  tast  sanpla  of  6061-T6 
alunlnun  inaarsad  only  a  faw  ainutas  in  tha  aathanolic  fual  aixtura 
containing  CCI4  initiatad  vary  savara  autooatalytio  pitting.  Tha 
pitting  apparantly  initiataa  spontanaoualy  at  soaawhat  alavatad 
taaparaturas  aftar  a  cartain  induction  pariod.  This  fual  was 
deamad  inconpatibla  with  tha  davica  aatarials  and  furthar  tasts 
with  it  wara  suspandad. 

Pura  lathanol  displayad  a  much  mora  modarata  bahavior.  Thara 
was  no  pitting  or  other  serious  corrosion  of  tha  anodized  aluminum 
cavity  suri.ica  subjected  to  a  similar  regime  of  pd  scanning  as 
above.  A  uniform  corrosion  rata  of  tha  order  of  1-10  mils/yaar  was 
measured.  Tha  limited  data  showed  evidence  of  surface  passivation. 
Tha  plated  steal  surface  showed  soma  discoloration,  probably  due  to 
dissolution  of  portions  of  tha  zinc  coating.  A  non-anodizad  (pol¬ 
ished)  aluminum  surface  showed  soma  pitting  under  similar  condi¬ 
tions  of  exposure  to  tha  pura  methanol.  Thara  was  no  indication, 
however,  of  vary  savara  autocatalytic  attack. 

A  galvanic  couple  corrosion  tast  of  anodized  6060-T6  aluminum 
and  zinc  plated  1018  steal  made  over  a  six  weak  pariod  in  pura 
methanol  showed  a  vary  low  corrosion  rata  (<.001  mil/yaar)  and  com¬ 
plete  absence  of  pitting  in  either  metal.  Tha  zinc  plating  on  the 
steel  component  acted  as  sacrificial  anode  over  tha  first  400 
hours.  Thereupon,  the  aluminum  became  tha  anodic  (corroding)  mem¬ 
ber.  The  corrosion  currant  density  gradually  increased  and  finally 
became  constant  at  about  1  nanoamp/cm^.  This  corresponds  to  the 
low  rate  noted  above. 

The  sealed  container  crevice  corrosion  test  revealed  no  evi¬ 
dence  of  corrosion  in  the  0-ring  groove  area  due  to  contact  with 
methanol  at  70°C  over  tha  three  month  test  period.  This  remained 
true  even  for  tha  unplatad/unanodized  vassals  and  for  vessels 
filled  in  air.  Thera  was  no  evidence  of  fual  breakdown.  The  test 
did  reveal  the  possibility  of  corrosion  on  tha  atmosphere  exposed 
side  of  the  0-ring  groove.  This  was  caused,  in  tha  tast,  by  infil¬ 
tration  of  condensation  or  thermal  bath  water  into  tha  crevice 
between  container  and  cap.  This  corrosion  could  become  severe  in 
the  case  of  repeated  wetting  with  seawater. 
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Th«  scaltt  v«s««ls  ihowad  only  small  laakaga  ovar  tha  alavatad 
tamparatura  aocalaratad  corrosion  tast  parlod.  This  was  aquivalant 
to  about  5  yaars  sarvlov  undar  anbiant  conditions.  Of  potantial 
concarn,  howavar,  was  tha  sarkad  softanlng  and  waakaning  of  tha 
0-ring  during  tha  tast.  This  indlcatas  that  davica  parforaanoa 
could  ba  jaopardiaad  by  a  longar  storaga  pariod  with  tha  currant 
0-ring  natarial. 
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